ABSTRACT. Pepper seeds (Capsicum annuum L.) var. B12 were mutagenized by four presoaking treatments in ten concentrations of ethyl methane sulfonate (EMS) to determine the sensitivity of the first generation (M1) to mutagens. The spectrum of mutations and induced variability for various quantitative traits, including germination, percent plant height, injury occurrence, survival ratio, first three fruits weight, and number of seeds per first fruit, were observed in the M1 generation.
INTRODUCTION
Pepper (Capsicum annuum L.) is one of the most important cultivated vegetable crops in tropical and subtropical regions. Therefore, enormous amounts of genetic diversity are required for crop improvement (Bosland, 1992) . Ethyl methane sulfonate (EMS) is an alkylating agent with the formula CH 3 SO 3 C 2 H 5 . It is a common, powerful, and effective chemical mutagen (Chopra, 2005) used to create mutations in pepper plants (Sharma and Kumar, 2003) . It produces random mutations in genetic material by nucleotide substitution with base pair transition (G:C to A:T), thereby producing only point mutations without killing the plants (Greene et al., 2003) . In seed-propagated plants, such as peppers, chemical mutagenesis protocols use seeds during the germination process, thus causing the mutagen to be absorbed by the germinating embryo and reach the meristematic region, where the germ cell is present (Serrat et al., 2014) . The EMS concentration that yields 50% seed lethality (LD 50 ) is used as an indicator of high mutation frequency (Devi and Selvakumar, 2013) . Determination of the concentration that gives the highest desired mutation frequency is important but difficult. While using higher concentrations increases mutation frequency, it also increases the probability of undesirable mutations that cause sterility or lethality. In contrast, using a relatively low concentration results in a lower mutation frequency. Many factors play a vital role in determining the effectiveness of EMS concentration, such as presoaking time and method, duration of EMS exposure, temperature during treatment, and pH value of phosphate buffer. This study focuses on the method and duration of seed presoaking in water before EMS treatment, which controls the effectiveness of the EMS concentration. The objective of this study was to observe the effect of EMS on plant behavior including germination, seedling growth, survival ratio, fruit weight, and phenotypic changes during the first generation. These data will contribute to the selection of mutant plants for the second generation.
MATERIAL AND METHODS

Plant material
The pepper seeds (Capsicum annuum L.) cultivar B12, , used in this experiment were provided by the Capsicum research group, College of Horticulture, Northwest A&F University.
Effect of ethyl methane sulfonate treatment on pepper
Ethyl methane sulfonate (EMS) treatments
Pepper seeds were subjected to eleven EMS concentration, including the control (0, 0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.25, 2.50% v/v) and three different presoaking durations in distilled water [0 (T1), 6 (T2) and 12 h (T3)]. In addition, seeds were presoaked in water for 6 h then incubated for 12 h at 28°C before treating with the abovementioned EMS concentrations (T4). In all treatments, the seeds treated were washed by running water for 3 h. Treated and untreated (control) seeds were germinated on petri dishes and then sown in pots. Twenty-five seeds were used for each treatment, and each treatment was replicated twice.
Parameters studied
Germination test
Seeds were germinated on petri dishes (9 cm) on 4 layers of Whatman No. 1 filter paper, moistened with distilled water. Petri dishes were placed at 25° ± 2°C under a 16:8 h (day: night) photoperiod in an incubator (Farooq et al., 2008) . The experiment was performed following a completely randomized design with two replicates. Seeds with visible radicals (radical length equal to half of seed diameter, about 1 mm) were considered germinated and data were recorded according to the methods of the Association of Official Seed Analysis (1990) . Germination percent (GP) was calculated 7 days after germination, according to Dezfuli et al., (2008) 
Plant growth performance
After calculating the germination parameters, seeds were transferred into a suitable growth media (compost) in pots and the following data regarding seedling growth performance were recorded:
Plant height
Plant height (cm) was estimated when the fruit of the surviving plants were harvested for each treatment and the control (Dezfuli et al., 2008) .
Injury percent
Seedling injury was measured by the percent reduction in plant height as compared to control (Bashir, 2012) as follows:
Equation 2
Survival ratio
The surviving plants in different treatments were counted on day 42, and the survival percentage was calculated according to Bashir (2012) by the following formula:
Equation 3 Fruit characteristics
Fruit weight
Fruit weight was recorded by measuring the weight of the first three fruits.
Number of seeds per first fruit
Number of seeds per first fruit was counted after harvesting.
Dwarfism
Plant height was assessed during the developmental time course from germination to maturity.
Statistical Analysis
Statistical analyses were conducted for all collected data using the Statistix 9 (2008) according to the methodology given by Snedecor and Cochran (1980) and the least significant difference test (P < 0.05) was used to investigate the significant differences among the treatments for all tested parameters. Dunnett's multiple comparisons test was performed using the GraphPad Prism version 6.00 for Windows, (GraphPad, 2014) .
RESULTS AND DISCUSSION
Germination percentage (GP) and LD 50
Using germinating seeds for mutagenesis requires that the mutagen be absorbed by the germinating embryo and reach the meristemic region where the germ cells are contained. Thus, mutagenesis can affect the percent germination (Serrat et al., 2014) . As shown in Figure  1 , a significant reduction in seed germination was observed with increasing EMS concentrations (P ≤ 0.05).
This reduction in germination (Talebi et al., 2012) may be due to the delay or inhibition of physiological and biological processes considered necessary for seed germination, including enzyme activity (Devi and Mullainathan, 2011), hormonal imbalance (Borovsky et al., 2013) , and inhibition of mitotic processes (Kumar and Gupta, 2009 ). Further, germination may be inhibited due to the toxic nature of the mutagen (Kumar et al., 2013) , damage to cell constituents at the molecular level, or altered enzyme activity (Khan and Goyal, 2009) . As expected, the highest germination ratio was observed with the control treatment, irrespective of all presoaking treatments. T1 seed germination was restricted with by EMS concentrations more than 1.75%, and the LD 50 was 1% EMS. Further, doses of 2, 2.25, and 2.5% EMS were fully lethal. Using the T2 treatment, the LD 50 was 0.5% EMS, while 1.5 to 2.5% EMS was fully lethal. Furthermore, the LD 50 in the T3 treated seeds was 1% EMS (with presoaking for 12 h), whereas no germination was observed at 2.25 and 2.5% EMS. Using the T4 treatment, the germination ratio was decreased with increasing EMS concentration up to 2.25%, and the LD 50 was observed at 0.5% EMS, whereas 2.5% EMS killed all seeds. According to Devi and Selvakumar (2013) the decreasing trend in pepper germination with increasing EMS concentration may be attributed to seed germination without completely developed embryos. Furthermore, EMS can cause DNA in the embryo, thereby increasing the time to germination (Greer and Rinehart, 2009). The presoaking method and duration before EMS treatment can affect the concentration that reduces the germination ratio to 50% and gives the highest mutation rate (Sathawane, 2012) . The present results indicated that T2 and T4 treatments were more effective for obtaining the LD 50 with lower concentrations (0.5% EMS), as compared to T1 and T3 (1% EMS). Similarly, presoaking canola seeds in water increased mutagen penetration into seeds and had a greater effect on metabolic activity (Fowler and Stefansson, 1972) . Further, Devi and Selvakumar (2013) found that the LD 50 was observed when pepper seeds were pre- Figure 1 . Effect of different ethyl methane sulfonate (EMS) concentrations and seed presoaking conditions on germination percent and determination of LD 50 after 7 days. EMS = Ethyl methane sulfonate; T1 = seeds treated directly with EMS without presoaking in water; T2 = seeds presoaked in water for 6 hours before EMS treatment; T3 = seeds presoaked in water for 12 h before EMS treatment; and T4 = seeds presoaked in water for 6 hours then incubated at 28°C for 12 hours before EMS treatment.
soaked for 12 h prior to EMS treatment. In addition, Sathawane (2012) compared presoaked and non-presoaked seeds before EMS treatment in Brassica juncea, and found that, in the M1 generation, treating dry seeds with lower EMS concentrations for 18 h produced mutants with yellow seed coats (frequency = 0.35%) at a higher rate than increased doses of EMS.
Seedling growth performance
Plant height
Plant height can be used as an important indicator for determining the biological effects of EMS (Devi and Mullainathan, 2011) . As shown in Figure 2 , the plant height was significantly decreased with increasing EMS concentrations. This reduction in plant height has been attributed to auxin destruction, changes in ascorbic acid content, and physiological and biochemical disturbances (Dhamayanthi and Reddy, 2000) . Effect of different ethyl methane sulfonate (EMS) concentrations and seed presoaking conditions on plant height at the maturity stage of the control plants. EMS = Ethyl methane sulfonate; T1 = seeds treated directly with EMS without presoaking in water; T2 = seeds presoaked in water for 6 hbefore EMS treatment; T3 = seeds presoaked in water for 12 h before EMS treatment; and T4 = seeds presoaked in water for 6 h then incubated at 28°C for 12 h before EMS treatment.
In addition, plant height was reduced with increasing EMS concentrations in black gram (Deepalakshmi and Anandakumar, 2004) , canola plants (Emrani et al., 2011) , and wheat (Bahar and Akkaya, 2009 ). Moreover, treating pepper seeds with 0.5% EMS for 7 h significantly decreased the plant height (Kumar and Gupta 2009) . Here, treating pepper seeds with EMS doses higher than 1.25% significantly reduced the plant height and caused more variation which may be considered an indicator of increased mutation frequency. In accordance with the present results, the maximum variation was observed with high EMS concentrations compared to controls in tomato plants (Saba and Mirza, 2002) and pepper (Patil et al., 1997) . Among all the presoaking treatments, plants undergoing the control treatment (0% EMS) were the tallest, and height was significantly decreased by increasing EMS concentrations. In this respect, T4 plants were taller than T3, although the difference was not significant. In contrast, T2 and T1 treated plants were smaller, and recorded the lowest values, although there was no significant difference between them. The lowest values were observed at 1.25, 1.25, 1.5, and 2% EMS in T1, T2, T3, and T4 plants, respectively (Figure 2 ). This may be because exposing dry seeds and seeds presoaked for 6 h to EMS solution causes the non-presoaked seeds to absorb more EMS solution than presoaked seeds, thereby directly affecting the embryo.
Injury percent (IP)
The degree of injury caused by EMS is usually correlated with the frequency of mutations. Therefore, a quantitative determination of injury is commonly used to indicate the effectiveness of the mutagen treatment (Constantin, 1975) . Among the four presoaking treatments, IP was significantly increased with increasing EMS concentrations (Figure 3) . Effect of different ethyl methane sulfonate (EMS) concentrations and seed presoaking conditions on injury percent. EMS = Ethyl methane sulfonate; T1 = seeds treated directly with EMS without presoaking in water; T2 = seeds presoaked in water for 6 h before EMS treatment; T3 = seeds presoaked in water for 12 h before EMS treatment; and T4 = seeds presoaked in water for 6 h then incubated at 28°C for 12 h before EMS treatment.
EMS at concentrations greater than 1.25% using T1 and T2 caused the maximum seedling injury (100%), whereas 100% IP was induced using more than 1.5% EMS in T3. Furthermore, seedlings obtained from T4 were less affected by increasing EMS concentrations up to 2%. However, at concentrations greater than 2%, 100% of the seedlings were injured. That may be due to the use of different presoaking treatments before EMS treatment, which may affect the quantity of EMS absorbed by the germinating embryo. Injury is also dependent on the quantity of EMS that reaches the meristematic region where the germ cells are contained (Serrat et al., 2014) . In cotton plants, Aslam et al. (2013) observed that the percent of injury increased with increasing EMS concentration.
Survival ratio (SR)
The pooled mean values of the survival percentage indicated maximum survival occurred in control cells and decreased gradually with increasing EMS concentrations (Figure 4) . Effect of different ethyl methane sulfonate (EMS) concentrations and seed presoaking conditions on survival ratio. EMS = Ethyl methane sulfonate; T1 = seeds treated directly with EMS without presoaking in water; T2 = seeds presoaked in water for 6 h before EMS treatment; T3 = seeds presoaked in water for 12 h before EMS treatment; and T4 = seeds presoaked in water for 6 h then incubated at 28°C for 12 h before EMS treatment.
Increasing EMS concentrations can harm the embryo or affect the physiological and biological processes (Devi and Mullainathan, 2012) that regulate seedling growth, causing the embryos to become weak or die, depending on the intensity of the embryonic damage. The effect of presoaking and EMS concentrations on SR was clearer with high EMS concentrations (more than 1.25%). About 75% of seedlings survived in the T1 and T2 groups at a relatively low EMS concentrations (between 0.25 and 0.50% EMS), whereas higher concentrations were observed with T3 (between 0.50 and 0.75% EMS) and T4 (1.5% EMS). Moreover, T4 combined with 0.5% EMS resulted in a 100% SR, similar to the control treatment (0% EMS). Devi and Selvakumar (2013) , found that treating pepper seeds (C. annuum) with EMS at 30 mM decreased the survival rate and resulted in a 50% germination ratio (LD 50 ). In our study, seedlings obtained from T2 and T1 were strongly affected by higher EMS concentrations, re- = seeds treated directly with EMS without presoaking in water; T2 = seeds presoaked in water for 6 h before EMS treatment; T3 = seeds presoaked in water for 12 hours before EMS treatment; and T4 = seeds presoaked in water for 6 h then incubated at 28°C for 12 hours before EMS treatment. Different small superscript letters indicate significant differences, determined by Duncan's multiple range at P = 0.05.
sulting in a lower survival ratio compared to T3 treatment. In contrast, T4 recorded the highest survival ratio. It is possible that, in the T4 embryos and seeds, biological activity was activated by presoaking seeds for 6 h and incubating them at a suitable temperature. The presoaking method and duration can regulate the deleterious effect of EMS on Brassica napus seeds (Emrani et al., 2011) . Thus, presoaking seeds in water increases the penetration of mutagens into the seeds and led to a greater effect on metabolic activities, thereby increasing the effectiveness of EMS at relatively low concentrations (Fowler and Stefansson, 1972) . In addition, the interdependence of treatment variables that influence the degree of seed lethality induced by a mutagen is clearly illustrated by the interactions between EMS concentration, treatment period, and seed presoaking (Emrani et al., 2011) .
Fruit characters
Fruits weight
The fruit weight, measured as the sum weight of the first 3 fruits, is shown in Table 1 .
The first three fruit weight decreased with increasing EMS concentrations compared to the control (Table 1 ). The reduction of these parameters was prominent in the T1, T2, and T3 treatment, as compared to T4. The effects of EMS were reported in several other crops (Reddy et al., 1992) and in peppers (Gandhi et al, 2014) . The mutagenic effect was found to decrease the quantitative characteristics of soybeans (Pavadai and Dhanavel, 2004) and cluster beans (Velu et al., 2007) . The first generation (M1) developed from treated seeds suffered from growth inhibition, may be partly sterile, and may lose many plants before flowering and producing seeds (Ojiewo et al., 2006) .
Number of seeds in the first fruit
EMS affects the number of seeds per fruit in the first generation, as shown in Table 2 . = seeds treated directly with EMS without presoaking in water; T2 = seeds presoaked in water for 6 hours before EMS treatment; T3 = seeds presoaked in water for 12 hours before EMS treatment, and T4 = seeds presoaked in water for 6 h then incubated at 28°C for 12 hours before EMS treatment. Different small superscript letters indicate significant differences, determined by Duncan's multiple range at P = 0.05.
Increasing EMS concentrations significantly decreased the average number of seeds per first fruit. The number of seeds per first fruit in the treated seeds was significantly higher in untreated seeds, as compared to treated seeds. In accordance with these findings Gandhi et al (2014) reported that treating seeds with EMS yielded a different seed ratio in the first generation (M1) fruits.
Dwarfism
In this study, dwarf plants were characterized on a morphological basis, compared to the control plants at the age of fruit maturity. There were 5 dwarf plants having heights of 4.02, 6.5, 3, 4, and 2 cm, whereas the average control plant height was 65.81 cm (Table 3 and Figure 5 ).
All the dwarf plants were observed in the T1 treatment group (seeds treated directly with EMS without presoaking in water). These findings suggest that the dry seeds were able to absorb more mutagen than other presoaking treatments. Jabeen and Mirza, (2002) found that using 0.5% EMS with 6 h exposure is highly toxic and has drastic effects on embryo, which greatly affects the plant height. It is also clear from Table 3 that these dwarf plants are significantly different than the control plants in internode length, number of node beard the first flowers, number of flowers per plant and number of fruits per plant as shown in Table 3 . In agree Effect of ethyl methane sulfonate treatment on pepper with this study Jabeen and Mirza, (2004) treated pepper seeds (Longhi cultivar) with EMS and observed morphological mutations, including dwarfism, sterility, early maturing, and late maturing. 
CONCLUSION AND FUTURE PROSPECTIVE
In this study, we determined the biological effect of different EMS concentrations and conditions on first generation C. annuum var. B12 to assess their mutagenic sensitivity in first generation (M1) plants. Presoaking treatments significantly alters the effectiveness of EMS. A new presoaking treatment was used in this study (presoaked seeds in water for 6 h then incubate for 12 h at 28°C before treating with EMS). Five dwarf plants were observed from the T1 (dry seeds treated with EMS without presoaking). The LD 50 was detected at about 1% EMS in T1 and T3, which is quite high, whereas the LD 50 was relatively low for T2 and T4 (0.5% EMS). The germination percentage and survival percentage showed significant decreases with increasing EMS concentration under all tested presoaking treatments.
